This study was undertaken to provide comprehensive analyses of current research developments in the field of breastfeed (BF) and metabolic-related outcomes among women with prior gestational diabetes mellitus (GDM). Database PubMed, Embase, BIOSIS Previews, Web of Science, and Cochrane Library were searched through December 3, 2017. Odds ratio (OR) and weighted mean difference (WMD) with 95% confidence interval (CI) were pooled by random-effects model using Stata version 12.0. Twenty-three observational studies were included in quantitative synthesis. In light of the immediate nutritional and immunological benefits, as well as the long-term favourable metabolic effects, breastfeed (BF) is recommended for women as a modifiable postpartum behaviour.
| Study selection
Observational studies (cohort and cross-sectional studies) were included if they (a) evaluated and defined exposure to BF in women with prior GDM, with effective comparison groups, (b) reported the incidence or status of T2DM, glucose intolerance, impaired glucose tolerance (IGT), impaired fasting glucose (IFG) or other metabolic outcomes, or results of metabolic parameters, and (c) reported odds ratio (OR) /relative risk (RR) /hazard ratio (HR) with corresponding 95% confidence interval (CI) for binary variable, and reported sample size, mean, standard deviation for continuous variable, or provided sufficient data for their estimations. All the citations were merged in Endnote X7 to facilitate management. After eliminating duplicate literatures, two reviewers independently applied the inclusion criteria to all retrieved articles with titles, abstracts, and full texts, in an unblinded standardized manner.
| Data extraction and quality assessment
Data on characteristics of study (first author, publication year, location, study design), population (study population, testing for GDM, major exclusion criteria), exposure (BF measure, comparison group, followup), and outcome (sample size, mean, standard deviation, risk estimate, 95% CI, diagnostic criteria, adjusted factors, conclusion) were extracted onto a piloted structured form independently by two reviewers. When there were multiple publications from the same study or population, the most comprehensive report would be given a priority, while the others might be included in subgroup analyses as supplementary. Results with longer follow-up period was given precedence in the overall analysis, if there were multiple follow up nodes in the same study. Discrepancies were resolved through consensus in consultation with a third reviewer, referring back to the original articles.
Risk of Bias Assessment Tool for Nonrandomized Studies
(RoBANS) was used to assess the quality of included studies. 16 In this scale, studies were evaluated across six domains: selection of participants, confounding variables, measurement of exposure, blinding of outcome assessments, incomplete outcome data, and selective outcome reporting. Low, high, or unclear risk of bias were evaluated separately for each domain.
| Data synthesis and analysis
For dichotomous risk factors, comparisons were conducted between women with longer and shorter BF (relative BF length in each included study, BF was measured at discharge or 4-14 weeks post partum) of any intensity after GDM pregnancy, and meta-analysis was performed using DerSimonian-Laird random-effects model to estimate pooled ORs and 95% CIs incorporating within-and between-study heterogeneity. For continuous metabolic parameters, all the units had been harmonized by data conversion prior to analysis, weighted mean difference (WMD) with 95% CIs were pooled using random-effects models to assess the differences between women with longer and shorter BF (measured at 4 weeks to 12 months post partum) of any intensity after GDM pregnancy. Adjusted estimate was preferred in the analysis process. Heterogeneity was quantified by estimated I 2 statistic, with values larger than 50% indicating substantial heterogeneity. for the analyses of continuous metabolic parameters to increase the generalizability. 17 All these statistical meta-analyses were two-sided, with the level of statistical significance setting at P < 0.05. Publication bias was assessed using Begg test and Egger test for analyses enrolling more than 10 studies, with P ≤ 0.1 suggesting publication bias. 18, 19 All the statistical analyses were performed using Stata version 12.0 (StataCorp, College Station, TX, USA).
3 | RESULTS
| Study identification
Study selection is shown in Figure 1 . From a total of 1862 citations identified through the search strategy, 1081 abstracts and 209 resulting full-text studies were reviewed to determine their eligibility. Finally, 27 studies were included in this systematic review, 23 of which, involving more than 11 000 women with prior GDM, were further included in the meta-analysis. The remaining four studies were not included for the following reasons: effect size was unavailable, 22 individual definition of BF (BF during the 2-hour 75 g oral glucose tolerance test at 6-9 weeks), 36 reported outcome was interesting but individual, which was not enough to be merged. Quality assessments using RoBANS are summarized in Table S2. A total of 12 studies 23, 26, 27, [30] [31] [32] 34, 35, 37, [43] [44] [45] with diabetes-free at baseline had a low risk of selection bias caused by selection of participants. Meanwhile, seven studies 20, [23] [24] [25] 35, 40, 43 had a low risk of confounding bias caused by confounding variables, due to the adequate adjustment for covariates. Performance bias indicating measurement of BF were judged to be "high" in 10 studies 25, 31, [33] [34] [35] 37, 39, 40, 44, 46 with self-administered questionnaire or without definition, and "unclear" for seven studies. no information about the dropouts and protocol, which resulted that attrition bias (18 studies) and reporting bias (19 studies) were judged to be "unclear."
| Progression to T2DM
In overall analysis of 9290 participants from 15 studies, 23, 24, 26, 28, 29, 31, 35, 37, [39] [40] [41] [43] [44] [45] [46] 
| Pooled results of metabolic parameters
Results of meta-analyses of selected metabolic parameters are summarized in Table 2 . BMI was found to be significantly lower among women with longer BF of any intensity after GDM pregnancy, both in the pooled and subgroup analyses (all P < 0.05). Pooled analyses of glucose metabolic parameters indicated that longer BF after delivery appeared to be statistically associated with lower fasting glucose 
| Other metabolic-related outcomes
To determine the rates and risk factors of recurrent GDM, MacNeill et al conducted a retrospective longitudinal study, using a perinatal database to identify 640 women with prior GDM and then had at least one subsequent pregnancy. 42 The authors concluded that BF status at the index pregnancy was not significantly associated with the rate of recurrent GDM (RR = 1.1; 95% CI, 0.89-1.36). 42 Prospective findings from a cohort of 84 US women with GDM history showed marked differences in metabolic syndrome incidence rate following the BF duration increased from 0-1 month to >9 months (relative hazard range 0.14-0.56; P = 0.03). In addition to the beneficial effects induced by the energy expenditure required by BF, 48 these synthesized results suggested that BF itself may be able to improve glucose tolerance through the enhancement of insulin sensitivity and/or preservation of pancreatic β cell function in women with prior GDM. 49 However, the detailed metabolic pathways underlying the protective effects of BF are still unclear;
several assumptions have been raised via the studies on both animal models and human, including the increased glucose disposal by mammary gland, 50 downregulation of menin, 51 elevated prolactin level, 52 and increased levels of maternal adipokines (like ghrelin and protein peptide YY). analyses of the associations between BF and multiple metabolic parameters. However, several limitations still need to be addressed and merit further discussion. First, adjustments of potential confounders were not conducted because of the most included crude data, nonuniform considered variables, inconsistent observations, and varying follow-up periods. As some confounders (eg, weight loss, 26 insulin treatment, and severity of GDM during pregnancy 55 ) may have modifying effects on the associations between BF and risk of glucose intolerance in women after GDM pregnancy, the results should be interpret with caution, although heterogeneity between studies was not significant in most analyses. Second, subgroup analyses stratified by characteristics of participants (like BMI or ethnicity), diagnostic criteria of GDM, standardized BF measures were unavailable owing to the inadequate information, which may complicate the interpretation of results, further deter the extrapolation in real practice. Third, although evidence of publication bias were not found in the overall analyses, attrition bias and reporting bias might be present in majority of included studies,
according to the quality assessments using RoBANS.
Based on the available evidence, BF is likely to be a modifiable behaviour that may play an important role in women's future health after GDM pregnancy, including protection against the development of metabolic diseases in midlife. 56 A recent Centers for Disease Control study reported that among all children born in the United States during 2010-2013, the national estimates for BF initiation exclusivity through 6 months and duration at 12 months were 79.2%, 20.0%, and 27.8%, respectively. 57 Women with history of GDM usually lactate less frequently and for shorter durations. 58, 59 Thus, better prenatal counselling and education about BF should be made available to women with prior GDM during pregnancy and post partum. In addition, BF discussions to an obstetric clinic at the first prenatal visit are reported to be infrequent (just 29% of visits), brief (mean duration 39 seconds), and usually initiated by clinicians in an ambivalent manner, 60 which requires that health care professionals should be knowledgeable with respect to the benefits of BF and provide comfortable assistance and appropriate evidence-based care for women with GDM history. 61 In light of the higher risk of maternal and paediatric complications, 62 BF promotion may be a safe and practical low-cost intervention during the postpartum period to prevent the development of metabolic diseases in women with GDM history, especially in those with a low socio-economic status. 7, 26, 56 Admittedly, the observational nature limits the identification of causal relationship, but randomization of BF is infeasible both technically and ethically; 14 hence, well-controlled, prospective longitudinal studies with complete measures of BF intensity, duration, and potential confounders, as well as better standardized testing and clarity of definitions, are needed to conclusively determine the metabolic effects of BF among women with prior GDM. Moreover, researches on metabolic pathways underlying the protective effects of BF are warranted to substantiate this epidemiologic evidence.
| CONCLUSION
This synthesized review and meta-analysis suggest that BF is beneficial to glucose metabolism and longer BF is associated with reduced risk of glucose intolerance and metabolic syndrome in women with prior GDM. BF promotion and support are essential for women with recent GDM to prevent the development of metabolic diseases. Simultaneously, further studies are needed to reveal the etiological mechanism.
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